1. Introduction {#sec0005}
===============

Mammary analog secretory carcinoma (MASC) is a newly described carcinoma of the salivary glands, characterized by morphologic and immunohistochemical features, that strongly resembles a secretory carcinoma (SC) of the breast [@bib0005]. Secretory carcinoma of the breast (SC) has shown to have a recurrent balanced chromosomal translocation t(12;15) (p13;q25), which leads to an oncogenic fusion gene ETV6-NTRK3. This translocation is also present in MASC [@bib0005], [@bib0010], [@bib0015]. This fusion gene encodes a chimeric tyrosine kinase that is known to play an important role on its oncogenesis [@bib0015]. Immunohistochemical similarities between MASC and SC of the breast also include being S100 protein, epithelial membrane antigen (EMA), and vimentin positive and "triple negative" (ER/PR/Her2 negative) [@bib0020]. MASC predominantly affects men and normally does not behave in an aggressive way [@bib0025], [@bib0030]. The parotid gland is the most common affected gland by MASC [@bib0030], [@bib0035]. We present a case of MASC occurring in a 66-year-old, male, Mexican patient that manifested an asymptomatic mass in the pre-auricular region. This article includes information from various case series, in order to present the best recommendations for the diagnosis and treatment of this newly described disease. This case report follows the CARE criteria [@bib0040].

2. Case report {#sec0010}
==============

We present a 66-year-old male patient with a past medical history of hypertension, hyperlipidemia, and morbid obesity. During the last months, he experienced an intentional weight loss of 18 kg. Due to the body mass loss, he noticed a mass of approximately 3 × 3 cm on the right pre-auricular region. A family practice physician explored the patient and ordered an ultrasound, which reported a necrotic lymph node. There was no other pertinent history. Physical examination demonstrated a 3 × 3.5 cm, firm, fixed, non-tender mass on the right pre-auricular region. Facial nerve function was preserved. No palpable lymphadenopathy was present on the neck region. A head and neck MRI showed an ovoid heterogeneous lesion, dependent of the right parotid gland of 27 × 28 mm, hypointense in T1 and isointense in T2 with well-defined borders and an area of hemorrhage in its interior ([Fig. 1](#fig0005){ref-type="fig"}). It was reported as a probable pleomorphic adenoma with hemorrhagic transformation.

A superficial parotidectomy with identification and preservation of the facial nerve was performed ([Fig. 2](#fig0010){ref-type="fig"}). The right parotid gland was extracted with a mass of approximately 4 × 4 cm ([Fig. 3](#fig0015){ref-type="fig"}) and a No. 10 Blake drain was inserted. The final pathology report revealed a well-differentiated MASC. The neoplasm substituted the normal parotid parenchyma and had well-defined borders. The tumor had a multinodular rearrangement with nodules divided by fibrous septa. The nodules showed a microcystic pattern with papillary structures. The neoplastic cells were medium size, with predominant eosinophilic cytoplasm ([Fig. 4](#fig0020){ref-type="fig"}). A dense multivacuolated eosinophilic secretion was identified inside de cysts. The cellular nucleus was medium size, with smooth borders and homogeneous chromatin. There was no significant number of mitoses or necrotic areas. The immunophenotype was positive for epithelial membrane antigen (EMA), CK8/18, vimentin, S-100 protein ([Fig. 5](#fig0025){ref-type="fig"}), and mammoglobin. There was no expression of p63, CK5/6, DOG1 or zymogen granule formation. The surgical margins were negative for malignancy.

The final diagnosis was MASC staged as a pT2, cN0, cM0, stage II, R0 salivary carcinoma. The patient presented slight facial nerve dysfunction (grade II House--Brackmann facial nerve grading system), that recovered approximately one month after surgery. The Blake drain was removed on the twelfth day after the procedure. After discussing the case in our multidisciplinary tumor board, no further surgical intervention (total parotidectomy or selective neck dissection) or adjuvant therapy (radiation) was recommended. The patient will have a close follow up that would entail a complete history and physical examination every 3 months for the first 5 years. There is no evidence of persistent or recurrent disease 4 months post-surgery and the facial nerve function is back to baseline.

MASC was first described in 2010 by Skálová et al. in a clinicopathologic study of a series of 16 salivary gland tumors with histomorphologic and immunohistochemical features similar to SC of the breast [@bib0005]. One of the principal similarities between MASC and SC of the breast is the presence of the translocation t(12;15) (p13;q25), that results in the formation of the oncogenic fusion gene ETV6-NTK3 [@bib0005], [@bib0010], [@bib0015], [@bib0020], which is also present in other tumors such as infantile fibrosarcoma [@bib0015], [@bib0020], [@bib0045], myelogenous leukemia [@bib0015], and congenital mesoblastic nephroma [@bib0005], [@bib0015], [@bib0020], [@bib0050]. The fusion of the transcriptional regulator gene ETV6 and the membrane receptor kinase-type NTRK3 results in a chimeric tyrosine kinase that activates cell proliferation and increases survival of the tumor cells playing a fundamental role on its oncogenesis [@bib0015], [@bib0055]. MASC and SC of the breast also share immunohistochemical features such as being positive for S100 protein, EMA, and vimentin, while being "triple negative" (ER/PR/Her2 negative) [@bib0020].

The most important differential diagnosis for MASC is the ACC [@bib0015]. ACC is characterized by the presence of large, serous, acinar cells with cytoplasmatic PAS positive zymogen-like granules that are absent in MASC [@bib0005], [@bib0060]. MASC is histologically characterized by the proliferation of uniform eosinophilic cells with a vacuolated cytoplasm, growing within a microcystic, macrocystic, and papillary architecture [@bib0065], [@bib0070], [@bib0075]. Even though the similar growth rate between MASC and ACC, MASC is more likely to metastasize to the regional lymph nodes, it should be considered as a more aggressive tumor compared with the regular low grade ACC [@bib0080].

MASC has a slight preference for male patients while ACC mainly affects women [@bib0035]. In [Table 1](#tbl0005){ref-type="table"}, we state the gender preferences of MASC from nine case series published between 2010 and 2014. Immunophenotypic features that can be used to differentiate MASC from ACC are the expression of protein S100 and positive mammaglobin staining [@bib0015]. S100 is strongly positive in MASC, while it is negative in ACC [@bib0085]. Immunohistochemistry is also helpful in differentiating SDC from MASC because SDC normally expresses androgen receptors or HER-2/neu and not S100 protein [@bib0015]. Vimentin, STAT5a and cytokeratin 7 are other important immunohistochemical markers present in MASC [@bib0035]. MASC has also been misdiagnosed as cystadenocarcinoma because of the cystic component that is sometimes present [@bib0020].

MASC usually presents as a painless, non-tender mass that increases in size overtime [@bib0005], [@bib0090]. The majority of MASC arise from the parotid gland, accounting for two thirds of the reported cases [@bib0010]. [Table 2](#tbl0010){ref-type="table"} presents the location, size, and lymph node involvement of MASC in eight case series. Bishop found that the mean age for presentation of MASC is 47 years ([Table 2](#tbl0010){ref-type="table"}), in contrast with SC of the breast that usually occurs in younger patients [@bib0095]. MASC is considered a low-grade carcinoma with a favorable prognosis; according to Skálová et al. it has moderate risk for local recurrence (15%), lymph node metastases (20%), and a low risk for distant metastases (5%) [@bib0005], [@bib0025]. In [Table 3](#tbl0015){ref-type="table"} we present the clinical follow up of six case series. There have been reports of high-grade transformation in MASC in which it becomes a far more aggressive tumor with an accelerated clinical course that results in cancer dissemination and death [@bib0025].

The definite diagnosis of MASC is done by confirming the translocation t(12;15) (p13;q25), which results in the ETV6-NTRK3 gene fusion [@bib0075]. However, a negative test for ETV6-NTRK3 gene fusion does not rule out the diagnosis of MASC [@bib0005], [@bib0090], it can also be done with the presence of positive immunohistochemical studies for STAT5, mammoglobin, and S-100 protein [@bib0080], [@bib0090]. We revised the data from different case series regarding the presence of ETV6-NTK3 gene rearrangement and the immunohistochemical findings of MASC and stated it on [Table 4](#tbl0020){ref-type="table"}.

The treatment of MASC is not well defined because most studies in the literature are retrospective in nature [@bib0095]. The reported disease free period for MASC ranges from 71 to 115 months, shorter than the one reported in ACC, which is 92--148 months [@bib0080]. [Table 5](#tbl0025){ref-type="table"} presents different treatment alternatives that have been used for MASC. The treatment of choice in high-grade transformation MASC should be radical surgery with neck dissection in addition to adjuvant radiotherapy [@bib0025]. In the future, the inhibition of ETV6-NTRK3 may become a therapeutic target for patients with MASC as for other tumors that express this mutation ([Table 5](#tbl0025){ref-type="table"}) [@bib0100].

3. Conclusion {#sec0015}
=============

MASC is a salivary gland tumor first described in 2010, which is characterized by histologic, immunophenotypic, and genetic similarities to SC of the breast. MASC and SC of the breast share the t(12;15) (p13;q25) translocation which results in the ETV6-NTRK3 gene fusion, they are also both positive for S100 protein, EMA, and vimentin and "triple negative" (ER/PR/Her2). Confirming the presence of ETV6-NTRK3 gene fusion or positive immunochemical studies for STAT5, mammoglobin and S100 protein are necessary to confirm the diagnosis. MASC is considered a low-grade carcinoma with a favorable prognosis, so at this time, treatment should mimic the management of other low-grade malignant salivary gland neoplasms. When high-grade transformation occurs, a more aggressive multidisciplinary management should be undertaken because of its poor prognosis. The inhibition of ETV6-NTRK3 gene fusion could be used as treatment in the future.
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###### 

Characteristics of patients with MASC diagnosis in nine case series.

  Case series author                     Publish year   Number of cases   Male   Female   Mean age   Age range
  -------------------------------------- -------------- ----------------- ------ -------- ---------- -----------
  Skálová et al. [@bib0005]              2010           16                9      7        46         21--75
  Connor et al. [@bib0020]               2012           7                 6      1        40         14--77
  Chiosea et al. [@bib0085]              2012           10                8      2        45.5       NA
  Bishop et al. [@bib0010], [@bib0075]   2013           5                 3      2        52         21--78
  Griffith et al. [@bib0070]             2013           6                 3      3        43.7       27--66
  Bishop et al. [@bib0010], [@bib0075]   2013           11                4      7        56         20--86
  Skálová et al. [@bib0025]              2014           3                 3      0        63         55--73
  Majewska et al. [@bib0015]             2014           7                 5      2        51.4       17--73
  Serrano-Arévalo et al. [@bib0090]      2014           4                 1      3        50.5       28--83

NA indicates not available.

###### 

Size, location, and lymph node involvement of MASC in eight case series.

  Case series author                      Number of cases   Size (cm)   Location                        
  --------------------------------------- ----------------- ----------- ---------- ---- --- --- --- --- ----
  Skálová et al. [@bib0005], [@bib0025]   16                2.1         0.7--5.5   13   0   1   1   1   0
  Connor et al. [@bib0020]                7                 1.8         0.5--0.3   2    1   3   1   0   0
  Bishop et al. [@bib0010], [@bib0075]    5                 1.9         0.8--4.0   4    1   0   0   0   NA
  Griffith et al. [@bib0070]              6                 1.72        1.0--2.5   4    1   1   0   0   1
  Bishop et al. [@bib0010], [@bib0075]    11                0.9         0.3--2.0   0    2   1   4   4   0
  Skálová et al. [@bib0005], [@bib0025]   3                 3.6         3.0--4.0   3    0   0   0   0   1
  Majewska et al. [@bib0015]              7                 2.8         2.0--4.0   6    0   0   0   1   3
  Serrano-Arévalo et al. [@bib0090]       4                 2.6         0.5--7.5   1    1   2   0   0   1

NA indicates non available.

###### 

Clinical follow up of MASC in six case series.

  Case series author                      Number of cases   Clinical follow up                     
  --------------------------------------- ----------------- -------------------- --------- --- --- ---
  Skálová et al. [@bib0005], [@bib0025]   16                13                   3--120    3   1   2
  Griffith et al. [@bib0070]              6                 5                    2--6      0   1   0
  Bishop et al. [@bib0010], [@bib0075]    11                10                   4--85     1   0   0
  Skálová et al. [@bib0005], [@bib0025]   3                 3                    24--72    0   3   3
  Majewska et al. [@bib0015]              7                 7                    67--120   2   0   2
  Serrano-Arévalo et al. [@bib0090]       4                 2                    10--20    0   1   0

###### 

Presence of ETV6-NTK3 gene rearrangement and immunohistochemical findings of MASC in nine case series.

  Case series author                      Number of cases   ETV6-NTRK3 gene rearrangement   Immunohistochemical findings                  
  --------------------------------------- ----------------- ------------------------------- ------------------------------ ---- ---- ---- ----
  Skálová et al. [@bib0005], [@bib0025]   16                13                              16                             16   9    16   16
  Connor et al. [@bib0020]                7                 7                               5                              4    NA   NA   NA
  Chiosea et al. [@bib0085]               10                10                              NA                             NA   NA   NA   NA
  Bishop et al. [@bib0010], [@bib0075]    5                 5                               NA                             NA   NA   NA   NA
  Griffith et al. [@bib0070]              6                 3                               2                              NA   NA   1    NA
  Bishop et al. [@bib0010], [@bib0075]    11                11                              11                             NA   NA   7    NA
  Skálová et al. [@bib0005], [@bib0025]   3                 3                               3                              3    NA   3    NA
  Majewska et al. [@bib0015]              7                 6                               7                              7    NA   7    7
  Serrano-Arévalo et al. [@bib0090]       4                 3                               4                              NA   NA   4    4

NA indicates non available.

###### 

Treatment of MASC in different case series.

  Case series author                      Number of cases   Treatment                        
  --------------------------------------- ----------------- ----------- ---- --- --- --- --- ----
  Skálová et al. [@bib0005], [@bib0025]   16                3           10   0   3   7   1   0
  Connor et al. [@bib0020]                7                 7           0    0   0   3   2   0
  Griffith et al. [@bib0070]              6                 3           0    2   0   0   3   0
  Bishop et al. [@bib0010], [@bib0075]    11                0           11   0   0   0   1   0
  Skálová et al. [@bib0005], [@bib0025]   3                 1           2    0   0   3   1   1
  Majewska et al. [@bib0015]              7                 5           1    1   0   3   2   1
  Serrano-Arévalo et al. [@bib0090]       4                 0           1    1   0   1   1   NA

NA indicates non available.
